Objective. A previous study on shoulder pain mapping showed specific pain patterns for common shoulder disorders. This study aimed to test those patterns for accuracy, modify shoulder pain mapping as needed, and observe their reliability and validity.
Introduction
Diagnosing the causes of shoulder pain can be challenging due to the large number of etiologies, especially when there is severe pain or chronic problems [1] . The etiologies are wide ranging and vary from minor traumas, which can cause sprains or simple muscle strains, to large tears in one of the shoulder stabilizer muscles. Some shoulder pathologies can lead to chronic pain and limit range of motion, such as impingement syndrome, adhesive capsulitis, calcific tendonitis, glenohumeral joint (GHJ) osteoarthritis, and biceps tendonitis [2] .
Many tools are used to diagnose shoulder disorders, ranging from history and physical examination to a wide range of imaging modalities such as x-ray, ultrasound scans (U/S), and magnetic resonance (MR) imaging [2] . Yet, owing to the complex anatomy of the shoulder and the spectrum of underlying disorders, the cause of pain can be still difficult to diagnose despite the improvements in imaging technologies. Furthermore, symptoms and medical imaging may not correlate well [3] .
Shoulder pain mapping is a technique that involves marking a shoulder graph or map to show the localization of a patient's pain and the pain's character. Shoulder pain mapping could facilitate assessments of shoulder disorders as a simple and cost-effective adjunct to the other assessment tools, especially in the community and primary care or for research purposes [4] .
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The overall objective of this report was to evaluate if shoulder pain maps could have a clinical value in day-to-day practice and as a research tool. A previous study on shoulder pain mapping showed specific pain patterns for common shoulder disorders [4] , and from these color-coded shoulder pain maps were established. The aims of this study were to 1) test the accuracy of previously developed shoulder pain maps, 2) modify these shoulder pain maps as needed and develop a guide table on how to read shoulder pain maps, and 3) determine the reliability and validity of the modified shoulder pain maps using intertester reliability.
Methods
This prospective study was planned as a further phase to our previous shoulder pain mapping study [4] . There were two steps in the current study; the first was to analyze the accuracy and sensitivity-specificity of shoulder maps, to improve the color-coded shoulder pain maps if required, and to develop a guide table on how to read the pain maps; the second step was to test intertester reliability when using the shoulder pain maps.
Inclusion and Exclusion Criteria
All patients were adults (age 16 years and older) recruited from outpatient shoulder clinics who presented as new patients with shoulder pain. Patients with previous interventions and/or treatments, neck pain symptoms, clinical features indicating neck pathology such as disc disease, spinal cord compression, previous or multiple shoulder problems (could be difficult to differentiate the pain patterns when there are multiple shoulder problems), or ipsilateral other upper limb problems were excluded from the study as these conditions may mask or change the shoulder pain. Additionally, any patients with suspicion of carpal/cubital tunnel syndrome or nerve compression were also excluded from the study as some shoulder pain may present with numbness or pins and needles. Another exclusion criterion was illegibly marking the maps despite a clear explanation about how to fill in the pain maps.
Later Exclusions
These exclusion criteria were applied both at the beginning and at a later stage following data collection. At a later stage, 128 maps were excluded from the study due to 1) inappropriate or illegible marking (34), 2) insufficient clinical information or documentation (30), 3) previous operations on the same shoulder (14), 4) multiple shoulder diagnoses (25) , and 5) irrelevant diagnoses (such as metastatic disease or neurological disorders) (25) .
Initial Patient Assessments
Initially, 194 patients were given a map showing the front and the back of the shoulder and the pain types on their first presentation as a new patient in the shoulder clinic (Figure 1 ). They were asked to mark the pain type, distribution, and severity related to their shoulder problem before their clinical assessment. All 194 patients then had a clinical examination, including antero-posterior, axillary, and supraspinatus outlet views of the affected shoulder and shoulder ultrasound by a senior upper limb surgeon as part of their standard clinical assessment on their first visit to the outpatient clinic.
First Phase of the Study
A researcher blinded to diagnoses coded provisional diagnosis estimations for each map immediately after collecting them from patients. The researcher used only previously established color-coded maps for the estimations and did not use any further information about patient history, clinical assessment, or treatment. The shoulder maps were then anonymized, filed, and kept separately. Data regarding final diagnoses were obtained from electronic patient records and clinical letters, investigations such as x-rays, U/S, MR scans and MR arthrograms, treatments such as injections and hydrodilatation, operation notes, and follow-up letters. Final diagnoses relied primarily on the senior shoulder surgeons' intra-operative descriptions in addition to the other data to increase diagnostic accuracy. The process of data collection until final diagnosis took over a year for each patient. Final diagnoses were then matched with initial pain maps and were correlated with the estimated diagnosis of the researcher to check accuracy.
Guide Table and Disease Groups
At the end of this phase, the color-coded shoulder pain maps were improved and a guide table (Figure 2 ) was developed to help the next phase, which investigated intertester reliability of the shoulder pain maps. The guide table was developed on the basis of common pain patterns from each shoulder disorder and the most commonly marked areas by patients and the pain types using Excel sheets.
As shown in the guide table (Figure 2) , we divided the diseases into two groups according to their pain distribution, that is, whether the pain localized around shoulder or radiated further, as described in detail in the Results section. This grouping (1 and 2) was separately performed for both shoulder pain maps and the patients' actual diagnoses. Then, agreements between the two were analyzed. We also used these groups and individual diseases in the next step to analyze and compare data from the testers.
Second Phase
In the last step, three testers (senior clinicians), one senior physiotherapist, an experienced orthopaedic doctor, and a consultant radiologist, who were blinded to diagnoses, coded their estimations for each map using only the guide table (Figure 2 ) and the previously established color-coded pain maps [4] for shoulder disorders. The
Testing Shoulder Pain Mapping Figure 1 Shoulder pain map. The sample map that was marked by the patients (excluding the red and blue marks, which were only used on the comparison sheet). Both the researcher and the testers coded two estimations for each map as part of the MPhil project because of the many variables and shoulder diseases and the fact that some pain patterns overlap; however, for the purpose of this study, only the first estimation was used for statistical analyses.
Data Analysis
The Excel sheet was transferred to the statistical packages VassarStats [5] and StatsDirect [6] for analyses and reports. The sensitivity and specificity of the disease groups and each individual disorder were described.
The estimated diagnostic codes from the researcher in the initial step were correlated with the actual diagnoses for accuracy of estimations, sensitivity, specificity, and likelihood ratios. Then, the codes from three testers were also correlated with the final diagnoses for the same analyses and to assess improvements following the first phase of the study. They were also used to assess disease groups in the pain maps and to calculate agreement between the testers for each disorder and disease group (group 1 and 2). These were analyzed with j values. A j of 0.5 or more is considered good agreement and is accepted as a measure of clinical significance; a value of 0.7 shows very good agreement. Likelihood ratios were considered to signify an increased likelihood of disease when they were 5-10, and a small increase in likelihood when 2-5.
A local statistician assisted with all statistical analyses. Ethical approval was obtained from the local R&D department (Wrightington Hospital Research and Development Department). There was no conflict of interest, and participants had no financial interest.
Results
A total of 194 patients were included in the study. Most patients were diagnosed with instability, followed by impingement, 57 and 46, respectively, and the number of patients with calcific tendinitis and GHJ arthritis were seven and four, respectively. The mean age of the instability group was 28.8 years, which was the youngest age group, followed by calcific tendinitis (43 years). The oldest age group was GHJ arthritis, with an average of 65.5 years (Table 1 ).
In addition to the initial investigations, which included xrays and U/S for all patients, 117 patients had further scans/investigations in later visits, including MR arthrograms (55), MR scans (39), CT arthrograms (10) , and shoulder arthrography (13) .
Nearly all (191/194) patients had further treatment for their shoulder disorders, including 130 patients who underwent surgery, with subsequent injections in 21 patients; 14 patients had hydrodilation and another 14 had physiotherapy, nine patients had both physiotherapy and injection, three patients had ultrasound-guided removal of calcium deposits. Only three patients did not have any further treatment. Tables 1, 2 , and 3 were used to evaluate the pain patterns of common shoulder disorders and helped develop a guide table for pain mapping ( Figure 2 ). The patients with three disorders (acromial clavicular joint [ACJ] pathology, calcific tendinitis, and instability) marked pain only around the shoulder area on the map, while the others marked both around shoulder and beyond. Pins and needles or numbness in the hands and wrists were mostly described by patients with impingement syndrome (30%, 14/46) ( Table 1) .
Common Shoulder Disorder Groups According to Pain Distribution/Radiation
Shoulder disorders were divided into two groups based on the distribution of the pain area as marked by the patients and whether pain was localized to the shoulder. We called them groups 1 and 2 and gave a number to each disorder from 1 to 7; group 1 represented disorders with shoulder pain localized only to an area around the shoulder (ACJ pathology, calcific tendinitis, and instability) and group 2 represented the disorders in which pain radiates beyond the shoulder (rotator cuff pathology, frozen shoulder, impingement, and GHJ arthritis). The second group was also divided into two subgroups based on whether there was further pain radiation below the elbow.
The groups and guide table are as below:
Common shoulder disorders groups Group 1: Pain localized around shoulder 1: ACJ pathology 2: Instability (i.e., Bankart's or SLAP) 3: Calcific tendonitis Group 2: Pain radiating beyond shoulder A: To around elbow 4: Rotator cuff pathology 5: Frozen shoulder B: Beyond elbow-down to forearm and hand 6: Impingement syndrome 7: GHJ arthritis
The areas of pain marked by patients from small to large (the numbers in brackets show the disorder codes) ( Figure 2 ): The area/average number of the cells ( Figure 1 ) for each disease marked on the pain map by the patients are shown in Table 1 . Note that age was added to the guide table after completing the second phase for improvement ( Figure 2 ).
Agreements between pain map groups and actual disease groups were analyzed as described in the Methods section and showed a substantial agreement between the two (81.96%; observed agreement ¼ 81.96%, expected agreement ¼ 50.28%, j ¼ 0.64, 95% confidence interval ¼ 0.50-0.78, P < 0.0001). The sensitivities of the maps for group match were 0.76 for group 1 and 0.87 for group 2.
Accuracy of Estimations
In the first phase of the study, the researcher used only the previously established shoulder pain maps [4] to give two estimations for each patient-marked map, and in the second phase the testers used the guide table and the improved pain maps to make their two estimations. The accuracy of the initial estimations with the final diagnoses was 45.4%, and with the second estimation it was 62.4% (121 out of 194; note that there was not a pain map available to the researcher for frozen shoulder, which accounted for 22 patients; 11.3%) ( Table 4) . Similarly, the accuracy of initial estimations from the testers (A, B, and C) was between 46.9% and 49.5%, and these were improved up to 15% more with the second estimations (Table 4) ; however, for this study, only the first estimations were used for statistical analyses.
The highest estimation and sensitivity rates were for instability (sensitivity: between 0.63 and 0.82), followed by calcific tendinitis, ACJ pathology, and impingement (Tables 4 and 5 ). The sensitivity was low for rotator cuff pathology in the first phase (0.17), and the figures improved in the second phase (between 0.34 and 0.45) ( Table 5 ).
Likelihood ratios for the researcher's and testers' estimations showed higher values for calcific tendinitis and glenohumeral arthritis (15.8 and 15.3, respectively) followed by instability, ACJ pathology, and impingement (Table 6 ).
The overall agreement between all testers (A, B, and C) for individual disorders was j ¼ 0.52, P < 0.0001, and the highest agreements were for ACJ pathology and instability, j ¼ 0.68 and 0.65, respectively, followed by impingement, j ¼ 0.51 (Table 7) .
Estimating the Disease Group
The estimation ratios for the disease groups (1 and 2) of the testers were over 75%. Tester A had an estimation of 75.26%, while tester B and tester C had 81.44% and 80.93%, respectively ( Table 8 ).
The sensitivity of the testers' estimations of disease group (1 and 2) to the actual disease group was between 0.71 and 0.85 (for group 1 testers A, B, and C, the sensitivities were 80, 83, and 76, respectively; for group 2, 71, 80, and 85, respectively). The agreement between all testers was j ¼ 0.70 and P < 0.0001 (Table 8) . 
Data Interpretation
Overall, the first estimation yielded roughly a 50% rate of correct diagnoses and up to 65% with the second estimation from either researchers or testers using only the pain maps and guide table, without further data on the patients.
Despite the high percentage of pins and needles sensations in hands and wrists for both GHJ arthritis and impingement syndrome, the number of patients with GHJ arthritis was too low to draw a conclusion about this disease (Table 1 ).
There was a high estimation rate and sensitivity for shoulder instability. Furthermore, these values were good for ACJ pathology and calcific tendinitis, which may mean shoulder pain mapping could be more descriptive for group 1 patients.
Likelihood ratios showed high values for glenohumeral arthritis and calcific tendinitis; yet the patient numbers for both were low. However, the number of patients with instability was high (57); sensitivity was high, and likelihood values showed moderate to significant increase (Tables 5 and 6 ). ACJ pathology and impingement also showed good sensitivity values and moderate increase in the likelihood of the disease. The values for rotator cuff and frozen shoulder disorders showed smaller increases in the likelihood of disease. The value for rotator cuff pathology was low in the first researcher estimation, but was improved after modification, and the figures show improvement in the testers' estimations (second phase).
While there was overlap among some pain patterns of the individual disorders, the study showed more distinction between disease groups 1 and 2. After analyzing the groups of diseases according to the guide table groupings, there was high sensitivity and specificity and substantial agreement between the testers (j ¼ 0.70). For individual disorders, there was also clinically significant agreement between the testers (j ¼ 0.52).
Discussion
This study had multiple steps, and the overall aim was to determine whether shoulder pain mapping could be useful in daily practice or as a research tool and whether it could be a reliable adjunct to shoulder assessment in shoulder clinics for general practice clinics. Final diagnoses were obtained after collecting data from scans and operations.
Shoulder pain maps reflect the patients' subjective experience, and pain mapping can be part of taking medical history. Collecting relevant patient history has been described as an art [7] , and it is widely taught that diagnoses are revealed in patient histories, sometimes being all that is required to make the diagnosis. Pain mapping tools identify the location and intensity of pain and are accurate and reliable [8, 9] . The use of pain maps in clinical practice has become more widespread, and pain maps form part of the McGill pain questionnaire; however, according to Rankie et al., pain drawing should be interpreted with caution and in light of the full clinical picture [10] . Tables 1, 2, and 3 show pain distributions and characteristics of shoulder diseases according to patient descriptions on the shoulder pain maps. The results of our pain mapping study showed localized shoulder pain for certain shoulder conditions such as instability, calcific tendonitis, and ACJ pathology. In instability patients, in addition to the sharp element of the pain, there was a description of dull pain by some. Because a majority of patients were younger than age 40 years in the patient cohort, this may be due to differences in this specific patient population. The pain distribution for calcific tendinitis in some literature is described as emanating from the point of the shoulder commonly to the deltoid insertion and, less frequently, to the neck [11] , which is not dissimilar to our findings. In this study, this was generally described as sharp pain by the patients, and occasionally as a mixture of sharp and dull pain only around the shoulder, with no radiation below the shoulder. The nature of this pattern with wider involvement and a mixed character of pain was different from the ACJ pathology despite the localized nature of the pain.
Pain Patterns
Contrarily, there were differences between this study and previous studies in relation to the radiation of pain for other shoulder disorders; a far greater radiation of pain occurred in impingement syndrome and glenohumeral arthritis in our study. Subacromial irritation in the study by Gerber et al. resulted in an "intense" pain mainly in the lateral border of the acromion and the lateral portion of the deltoid muscle [12] . Dutton describes that the pain due to rotator cuff pathology and impingement is usually felt over the anterior or lateral part of the shoulder and mentions that this pain is characterized by radiation down the upper arm, which is aggravated by overhead activities. However, the pain that radiates beyond the elbow is far less likely to be due to a shoulder pathology, particularly if it is associated with any sensory disturbances in the limb such as distal radiation or pain, numbness, or paraesthesia [13] . Similarly, Woodward and Best [14] concluded that the pain related to impingement usually occurs over the anterolateral aspect of the shoulder, often with some radiation to, but not usually beyond, the elbow, and in frozen shoulder the discomfort is localized near the deltoid insertion, whereas our study showed that around 60% of the patients with frozen shoulder described their pain as radiating down to the elbow. The frozen shoulder pattern was similar to the rotator cuff pathology pattern, except frozen shoulder pain was marked by the patients as being more widespread on the pain map than the pain distribution described for rotator cuff. Our previous study [4] and the current one uniquely show that at least two of the most common shoulder diagnoses, impingement syndrome and glenohumeral arthritis, show pain radiation beyond the elbow and some associated sensory disturbance.
Approximately 30% of patients with impingement syndrome described pins and needles/numbness around the hand, and the pain pattern for impingement showed extensive radiation of the pain to the forearm. Interestingly, patients with impingement syndrome constantly described pins and needles/numbness at a higher percentage than other disorders. The high percentage of sensory disturbance may be worth looking Estimation of disease groups by the three testers and agreement on the disease groups.
into in more detail as the other shoulder disorders did not commonly show this pattern. We did not find any other pathology among these patients, nor did we find further explanation or reasons behind this pattern in the literature.
Estimations
In our study design, we asked the testers to give two estimations for each map according to many variables [7] and overlapping pain patterns to assess the usefulness of shoulder pain mapping. There has not been a similar study design with estimations in the literature. In two relevant studies, the testers performed more detailed physical examinations rather than relying only on patient drawings. For example, for shoulder pain, Carter et al. [3] described only three variables, and two physiotherapists assessed every patient. In another study, intertester reliability of a lower back pain classification system, two physiotherapists performed detailed physical examinations and chose one of five pain patterns [15] . Nevertheless, we used only the first estimation for statistical analyses in this study.
Sensitivity, Specificity, and Likelihood
Our study examined the sensitivity and specificity for the disease groups and for each disease, and the data showed high sensitivity and specificity, especially for the disease groups. There is no general agreement on what the acceptable levels of sensitivity and specificity are for an assessment test. Acceptable levels vary depending upon the intent of the test [16] , also likelihood ratios can be used to quantify diagnostic accuracy, which has been described as one of the most clinically useful measures. High likelihood ratios significantly increase the probability of the disease, and low likelihood ratios significantly decrease the probability of disease [17] . There were previous studies with assessments of pain mapping, for example, back pain mapping by Pang et al. [18] , but they did not assess the sensitivities and specificities. So far, there have been no other sensitivity, specificity, or likelihood studies in patients' subjective experience of shoulder pain or using a pain map as a diagnostic tool in the literature.
However, the literature has described sensitivities and specificities for different clinical tests in the assessment of shoulder disorders as objective findings. A metaanalysis showed the sensitivity and specificity of the Neer test for impingement syndrome were 79% and 53%, respectively, and for the Hawkins-Kennedy test they were 79% and 59%, respectively [19] , while another study showed that the sensitivity decreased to 40.3% when four tests of impingement syndrome were simultaneously positive, but the specificity for the diagnosis was 98.5% [20] . The clinical tests for superior labral antero-posterior (SLAP) tears showed lower sensitivity and specificity than the speed test: 32% and 61%, respectively [19] .
In this study, all the instability diseases (i.e., SLAP and Bankart's) were grouped as one, and the sensitivity, specificity, and likelihood ratios were relatively high (Tables 5 and 6 ). The low sensitivity (0.17) for rotator cuff pathology in the initial step improved after enhancing the pain map for this disorder. In the later step with testers, the sensitivity for the rotator cuff was between 0.34 and 0.45. This means that the changes in pattern for rotator cuff pathology following the first phase further improved the pain maps. Even as the meta-analysis of the objective physical test results showed low sensitivity and specificity, the sensitivity, specificity, and likelihood results of our shoulder mapping by patients' subjective experience are acceptable.
Intertester Reliability
In the literature search, most of the relevant intertester reliability studies were on spinal pain, and there was only one study on shoulder pain. The shoulder study was conducted with 255 patients with shoulder pain by Carter et al. [3] , and the inclusion criteria was similar to our study. The study showed the kappa coefficient was 0.664 [3] , and the spine pain classification showed j ¼ 0.61 [15] . These results were interpreted as good reproducibility. Our study showed j ¼ 0.52 for individual disorders (seven variables) and 0.7 for disease groups (two groups). This showed that our grouping table (Figure 2 ) is well established.
This study divided the shoulder maps and disorders into two main groups: 1) pain localized to the shoulder and 2) pain radiating beyond the shoulder. There was substantial agreement between map groups and disease groups in the data, another way of saying that pain patterns were constant and very predictable for disease groups 1 and 2. The clinically significant agreement between the testers showed the reliability of the pain grouping table and color-coded shoulder pain maps.
Pain Maps
A definitive diagnosis for shoulder problems can be quite difficult despite great improvements in diagnostic technology such as arthrography and MR scans [1] [2] [3] . There are also overlapping descriptions such as rotator cuff injuries being a continuation of impingement [21] . Therefore, one normally would expect that shoulder pain mapping and clinical tests alone may have limitations as a diagnostic tool. In the literature, it is argued that symptoms and medical imaging may not correlate well [3] and diagnostic tests come with their cost. For example, U/S can be more cost-effective in a specialist hospital setting for identifying full-thickness tears compared with MR studies [22] . Comparatively, pain mapping is a simple and cheap tool.
The use of pain maps in different settings may have different interpretations. When nerve roots are compressed, the pain signals they generate can be felt in different areas throughout the body [23] . The pain
Testing Shoulder Pain Mapping mapping system can be useful to isolate the origin of the pain; however, the experience of pain is personal and can be different for each individual [24] . The patient's description of pain is important and may guide clinicians toward diagnosing the disorder. Machacek and Friedrich aimed to determine the reliability of several dermatomic maps (description of pain pattern within a nerve root lesion) according to the respective segmental area [25] . However, they did not find a clear correlation between pain projections of the lumbar spine and concluded that the pain pattern of dermatomic maps is of limited value when defining the affected segment. However, in a prospective study, Pang et al. examined and analyzed 104 consecutive adult patients who underwent spinal pain mapping [16] and concluded that spinal pain mapping provided a useful functional approach for the diagnosis of lower back pain with obscure etiology in 87% of patients in their series. Likewise, the study by Wright et al. about referred craniofacial pain patterns in patients with temporomandibular disorder found that the pattern between the referred pain source and the site was consistent and predictable [26] . In general, the above studies concluded that pain mapping is a useful and valuable tool for clinical assessment. Moreover, it is simpler to understand and easier to complete as a visual questionnaire and possibly more advantageous over a written one.
Shoulder pain maps may be more useful clinically as an adjunct in initial assessments for shoulder problems as well as a research or follow-up tool. Also, general practitioners may not have expertise in diagnosing shoulder problems and may benefit more from the guidance of pain mapping during consultations; however, shoulder pain mapping should be interpreted in the light of a full assessment.
Limitations
The number of the disorders (seven) and different types of pain (four) meant there were many variables, which made the statistical approaches for this study more difficult. The analyses of diagnoses such as GHJ arthritis and calcific tendinitis were another limitation of the study due to the small number of patients with these disorders.
Conclusions
This is a unique and extensive study with multiple phases on shoulder pain mapping and a continuation of a previous descriptive study. The study concludes that shoulder pain mapping could be a useful and cost-effective adjunct tool to clinical assessments of patients with shoulder pain. However, there may be a need for further studies on some pain patterns, especially for those with smaller numbers in this study. Pain mapping can be used in the primary care setting as well as secondary care and for research purposes.
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